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ABSTRACT 


During  the  northern  winter  monsoon,  the  Madden- Julian  Oscillation  (MJO)  and 
northeasterly  cold-surges  are  active  over  the  eastern  Indi^  Ocean  and  western  Pacific. 
The  MJO  consists  of  an  active  (wet)  phase  and  inactive  (dry)  phase  and  varies  over 
global  spatial  and  intraseasonal  time  scales.  Interactions  between  the  MJO  and 
northeasterly  cold-surges,  which  vary  over  regional  space  and  synoptic  time  scales,  are 
examined.  The  interactions  are  examined  between  1979-1998  using  winds  at  1000  hPa 
and  a  representation  of  convection  during  the  northern  winter  monsoon.  To  identify 
interactions,  the  active  and  inactive  phases  of  the  MJO  are  divided  into  early  or  late 
phases  (based  on  MJO  duration).  Examination  of  composite  maps  based  on  cold-surges 
defined  to  occur  during  each  phase  of  the  MJO  revealed  that  the  phase  of  the  MJO  acts  to 
either  enhance  or  weaken  a  cold-surge  that  may  have  been  forced  by  the  mid-latitudes. 
When  MJO  convection  is  located  over  the  South  China  Sea,  the  surge  intensifies.  The 
favorable  convection  pattern  dominates  the  unfavorable  pressure-wind  pattern  of  the 
MJO.  When  the  MJO  dry-phase  is  over  the  South  China  Sea,  mid-latitude  forcing 
appears  to  interact  favorably  with  the  pressure-wind  pattern  of  the  MJO  to  dominate  the 
xmfavorable  MJO  convection  pattern. 
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I.  INTRODUCTION 


Some  of  the  most  important  features  of  the  tropics  are  the  large  areas  of 
convection  contained  in  the  Inter-tropical  Convergence  Zone  (ITCZ)  and  the  South 
Pacific  Convergence  Zone  (SPCZ).  These  tropical  regions  play  a  significant  role  in  the 
earth’s  climate  and  are  areas  in  which  a  significant  number  of  tropical  cyclones  form.  On 
an  inter-annual  basis,  convective  areas  in  the  ITCZ  and  SPCZ  are  enhanced  as  a  result  of 
the  convection  moving  from  south/southeast  Asia  during  the  northern  summer  monsoon 
to  the  maritime  continent  (Indonesia  and  Malaysia)  and  the  northern  Australia  equatorial 
region  during  the  northern  winter  monsoon.  On  intraseasonal  time  scales.  The  Madden- 
Julian  Oscillation  (Madden  and  Julian,  1971)  influences  convection  over  ITCZ  and 
SPCZ,  and  over  synoptic  time  scales  northeasterly  cold  surges  also  significantly  affects 
convection  in  the  ITCZ  and  SPCZ.  This  paper  contains  a  composite  study  of  the 
relationship  between  the  Madden-Julian  Oscillation  (MJO)  and  northeasterly  cold  surges 
during  the  northern  winter  monsoon  (Australian  summer  monsoon),  which  occurs  firom 
December  to  March. 

The  MJO  is  a  global-scale  disturbance  (longitudinally)  and  the  dominant  mode  of 
intraseasonal  variability  in  the  tropical  troposphere  (Leibmann  et  al.,  1994).  The  MJO 
signal  has  a  rather  broad  period  window  ranging  fi-om  20  to  60  days  with  the  most 
frequent  occurrence  around  45  days,  and  is  present  over  75%  of  the  time  (Madden  and 
Julian,  1972).  The  MJO  signal  at  the  equator  is  in  the  eastward-moving  zonal 
wavenumbers  1-3  and  has  a  strong  annual  cycle,  which  peaks  between  5  and  15  degrees 
latitude  of  the  summer  hemisphere  (Leibmann  et  al.,  1 994). 
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Several  studies  (Rui  and  Wang,  1990;  Wang  and  Rui,  1990;  Weickmann  and 
Khalsa,  1990)  have  identified  the  preferred  tracks  of  convection  throughout  the  MJO  life 
cycle.  They  showed  that  during  the  onset  of  the  MJO  convection  remains  stationary  over 
the  eastern  Indian  Ocean.  This  large,  broad  region  of  convection  begins  to  propagate 
eastward  and  weakens  as  it  moves  over  the  maritime  continent.  Once  the  convective 
region  has  moved  over  the  warm  water  of  the  western  Pacific,  convection  is  significantly 
enhanced.  The  convection  continues  to  move  eastward  across  the  warmer  waters  of  the 
western  Pacific.  As  the  convective  region  slows  down  and  approaches  the  dateline,  it 
weakens  and  continues  to  move  into  the  eastern  Pacific.  It  should  be  noted  that  during 
the  northern  winter  the  primary  signal  slows  down  and  a  convective  band  propagates  to 
the  southeast  into  the  SPCZ  (Taylor,  1998). 

The  two  main  signature  features  that  aid  in  the  identification  of  the  MJO  are 
“super-cloud  clusters”  (SCC)  and  westerly-wind  bursts  (WWB).  The  SCO  is  a  large, 
well-organized  area  of  convection  with  a  zonal  dimension  of  over  a  1000  km.  A  MJO  is 
composed  of  several  eastward  moving  SCO’s.  Each  SCC  is  composed  of  several  smaller 
cloud  clusters  (CC)  that  propagate  to  the  west  with  a  lifetime  of  1  to  2  days  (Madden  and 
Julian,  1994).  The  typical  period  of  duration  for  a  SCC  is  between  two  and  ten  days  and 
the  propagation  speed  is  approximately  5  to  15  ms  \  This  propagation  exists  due  to  the 
formation  of  cloud  clusters  on  the  eastern  border  and  dissipating  cloud  clusters  on  the 
western  border  (Ferreirra  et  al.,  1996).  The  heating  pattern  of  the  SCC  associated  with 
the  MJO  imposes  a  pattern  of  Rossby  gyres  (Matsuno,  1966;  Gill,  1980)  and  near 
equatorial  wind  bursts  to  the  west  of  the  heat  source  and  a  Kelvin  wave  signature  to  the 
east  of  the  heat  source.  As  the  MJO  propagates  eastward,  this  circulation  pattern  moves 
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along  with  the  MJO  from  the  eastern  Indian  Ocean  to  the  western  Pacific.  When  the 
weakening  convection  approaches  the  dateline  and  moves  over  the  Western  Hemisphere, 
the  Kelvin  wave  breaks  free. 

The  entire  tropical  region  of  the  eastern  Indian  Ocean  and  western  Pacific  is 
dominated  by  northeasterly  trade  winds  from  20N  to  the  equator  as  part  of  the  northern 
winter  monsoon.  Over  the  extreme  western  Pacific  and  South  China  Sea,  the 
northeasterly  flow  imdergoes  periods  of  intensification  that  persists  over  synoptic  time 
scales.  This  intensification  of  the  northeasterly  flow  is  known  as  a  “cold  surge”.  Cold 
surges  originate  in  the  mid-latitudes  as  a  result  of  migratory  anticyclones,  which  form 
over  Siberia  and  Mongolia  and  will  be  termed  the  Siberian-Mongolian  high.  WTien  the 
Siberian-Mongolian  high  builds  to  at  least  1045  hPa,  the  high-pressure  system  collapses 
and  a  cold  surge  is  initiated.  As  the  cold  surge  tracks  southward  with  cold,  dry 
continental  air,  it  causes  intense  temperature  drops  over  south/southeast  Asia  (Wu  and 
Chan,  1995).  A  northeasterly  cold  surge  takes  approximately  two  days  to  reach  the  South 
China  Sea  and  results  in  temperature  drops  of  4  to  5  degrees  Celsius  in  most  parts  of 
China  (Wu  and  Chan,  1995).  As  a  result,  the  northeasterly  flow  in  the  South  China  Sea  is 
freshened,  which  can  impose  dramatic  effects  on  synoptic-  and  planetary-scale 
convective  patterns.  The  first  effect  is  a  general  increase  of  deep  convection  over  the 
maritime  continent  during  the  northern  winter  monsoon,  as  the  cold  surges  seem  to  spawn 
near-equatorial  cloud  systems  (Taylor,  1998).  Over  the  equatorial  region,  strong  cold 
surge  events  often  lead  to  localized  episodes  of  heavy  rainfall  and  flooding.  Secondly, 
northeasterly  cold  surges  have  an  influence  on  associated  convection  and  circulation 
patterns  of  the  Australia  summer  monsoon  and  it’s  onset  (Johnson  and  Houze,  1987). 
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Lastly,  the  northeasterly  cold  surge  may  also  have  a  possible  influence  on  the  Southern 
Hemisphere  tropical  cyclone  activity  (Love,  1985). 

The  northeast  monsoon  pattern  varies  from  early  to  late  winter  while  northeasterly 
flow  across  the  South  China  Sea  is  strongest  and  deepest  in  early  winter  and  becomes 
weaker  and  shallower  toward  the  end  of  the  period.  The  peak  convection  of  the  Australia 
summer  monsoon  occurs  in  late  February  when  the  near  equatorial  trough  lies  between 
10  and  15  degrees  south  (Johnson  and  Houze,  1987). 

The  purpose  of  this  work  is  to  investigate  physical  relationships  between  the 
global-scale  MJO  that  varies  on  intraseasonal  time  scales  and  the  synoptic-scale 
northeasterly  cold  surge.  A  composite  analysis  is  employed. 
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II.  DATA  AND  METHODOLOGY 


Data  used  for  this  paper  were  the  National  Center  for  Environmental  Prediction 
(NCEP)  reanalysis  1000  hPa  wind  field  at  2.5  x  2.5  degree  resolution  and  outgoing 
longwave  radiation  (OLR)  data  that  are  also  at  2.5  x  2.5  degree  resolution.  The  OLR  data 
were  used  to  identify  convection  patterns.  For  both  data  sets,  only  daily  averages  were 
used.  The  period  of  this  study  was  between  1979  and  1998  during  the  northern  winter 
monsoon  (December  through  March). 

The  area  used  for  this  study  was  50N  to  30S,  90E  to  160W  (Figure  1),  which 
covers  the  tropical  regions  of  the  eastern  Indian  Ocean  and  western  Pacific  as  well  as  the 
mid-latitude  region  where  cold  surges  are  initiated  as  a  result  of  baroclinic  forcing.  The 
MJO  is  well  defined  in  the  pressure,  wind,  and  convection  patterns  of  the  equatorial 
region  shown  in  Figure  1  (Madden  and  Julian,  1994).  Two  area-averaged  indices  were 
defined;  a  convection  index  that  was  computed  from  the  OLR  fields  and  a  cold-surge 
index  that  was  computed  from  the  1000  hPa  wind  fields. 

The  convection  index  was  calculated  by  converting  the  raw  OLR  data  into 
radiance  values  (W/m^).  If  the  radiance  value  was  greater  than  or  equal  to  230  W/m^, 
then  the  radiance  value  was  set  to  zero  and  not  used.  All  radiance  values,  which  were  less 
than  230  W/m^  were  utilized  in  the  convection  index.  Over  tropical  regions,  these 
radiance  values  represent  areas  of  convection  that  typically  reach  into  the  middle  to  upper 
troposphere. 

To  identify  eastward-propagating  cloud  clusters  associated  with  the  MJO,  the 
OLR  data  were  band-pass  filtered  to  isolate  the  20  to  60  day  signal  of  the  MJO.  Once  the 
MJO  was  identified,  it  was  divided  into  two  phases.  The  active  phase,  also  commonly 
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called  the  wet  phase,  contains  large  cloud  clusters  that  propagate  eastward  in  the 
equatorial  region  as  part  of  the  MJO  signal.  The  inactive  phase,  also  commonly  called 
the  dry  phase,  represents  areas  of  clearing  with  little  or  no  convection.  The  active  phase 
and  inactive  phase  are  further  divided  as  early  (initial  50%  of  the  active/inactive  phase 
duration)  or  late  (second  50%  of  the  active/inactive  phase  duration).  The  filtered  OLR 
data  were  examined  for  each  of  the  19  northern  winter  monsoon  seasons  fi-om  1979  to 
1998  to  identify  occurrences  of  MJO  episodes.  Over  this  period  of  interest,  there  were  26 
MJO  episodes. 

The  cold-surge  index  was  calculated  from  the  meridional  (v)  wind  component  of 
the  1000  hPa  winds  at  7.5N,  105E  to  1 15E,  which  is  the  southern  end  of  the  South  China 
Sea.  The  cold-surge  index  was  used  to  define  cold-surge  events,  and  were  composited 
according  to  the  time  relevant  to  the  surge  event.  The  beginning  of  a  surge  event  is 
defined  as  day  0,  which  is  when  the  northerly  winds  are  at  a  minimum  A  cold-surge 
event  was  identified  if  the  northerly  acceleration  persisted  for  at  least  three  days  and 
reached  approximately  ^.5  m/s.  There  were  62  cold-surge  events  identified  in 
conjunction  with  the  MJO  during  the  northern  winter  monsoon  seasons  from  1979  to 
1998.  Each  surge  event  that  occurred  in  conjunction  with  the  MJO  was  further  classified' 
relative  to  the  MJO  active/inactive  plus  early/late  phases  of  the  MJO.  For  instance,  the 
early-active  phase  represents  surge  events  that  occurred  during  the  initial  50%  of  the 
MJO  duration.  For  example,  if  the  MJO  has  a  period  of  30  days  and  the  surge  event 
occurred  in  the  first  15  days  (initial  50%),  then  the  surge  was  classified  as  early-active.  If 
the  surge  event  occurred  in  the  latter  15  days  (second  50%)  of  the  MJO,  then  the  surge 
was  classified  as  late  active.  This  same  process  applied  to  the  inactive  phase  and  was 
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divided  into  early/late  inactive  based  on  the  same  methodology  described  for  the  active 
phase.  Composites  of  the  1000  hPa  winds  and  convection  fields  were  constructed  daily 
for  the  12  days  following  the  beginning  of  a  surge  event  associated  with  the  MJO.  The 
reason  for  further  dividing  the  MJO  into  four  phases  rather  than  two  will  be  discussed  in 
a  later  chapter  and  will  be  the  main  focus  for  this  study. 
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m.  MEAN  FLOW 


Before  the  composite  analysis  of  the  MJO  and  northeasterly  cold  surges,  the  mean 
flow  over  the  region  as  defined  from  1979  to  1998  must  be  examined.  The  regime  of  the 
northern  winter  monsoon  dming  December  through  March  is  examined  over  the  eastern 
Indian  Ocean  and  western  Pacific  (Figure  1).  The  mean  1000  hPa  synoptic  flow  pattern 
as  well  as  the  pattern  of  convection  from  the  convection  index  for  OLR  data  are 
examined  by  simply  averaging  all  the  northern  winter  monsoon  seasons  over  the  19-year 
period. 

A.  CIRCULATION  PATTERN 

In  general,  during  the  northern  winter  monsoon,  the  circulation  and  convection 
patterns  indicate  that  the  largest  area  of  clouds  are  found  to  the  north  of  the  Southern 
Hemisphere  monsoon  trough  axis  from  Sumatra  across  Indonesia  to  the  southwest  Pacific 
(Johnson  and  Houze,  1 987).  On  average,  northeasterly  trade  winds  prevail  over  most  of 
the  eastern  Indian  Ocean  and  western  Pacific  between  the  equator  and  20N  as  part  of  the 
northern  winter  monsoon  (Figure  2).  Over  eastern  Asia,  the  Mongolian-Siberian  high, 
centered  around  32N,  1  lOE  is  well  established.  A  strong  north  to  south  cross-equatorial 
flow  is  seen  across  the  South  China  Sea  region.  In  addition,  there  is  also  strong  cross- 
equatorial  flow  to  the  east  of  the  Philippines.  The  mid-latitudes  are  dominated  by 
westerlies  north  of  30N. 

There  are  two  predominant  circulation  patterns  that  dominate  the  Southern 
Hemisphere.  One  is  the  strong  cyclonic  circulation  in  the  SPCZ  region  south  and 
southeast  of  New  Guinea.  The  other  dominant  feature  is  the  anticyclone/cyclone  pair  to 
the  west  of  Australia  between  lOS  and  30S.  These  patterns,  which  are  established  over 
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the  eastern  Indian  Ocean  and  Western  Pacific,  are  important  components  associated  with 
northeasterly  cold  surges  and  will  be  vital  in  the  composite  analysis  section  covered  in 
the  next  chapter. 

As  the  Northern  Hemisphere  northeasterlies  cross  the  equator,  the  flow  turns  westerly 
into  the  Australian  summer  monsoon  trough  located  between  lOS  and  20S  from  90E  to 
Northern  Australia.  This  cross-equatorial  flow  contributes  to  the  ITCZ  and  SPCZ 
circulations.  Both  convergence  zones  occur  in  the  Australian  monsoon  region  between 
90E  to  approximately  140E. 

B.  CONVECTION  PATTERN 

The  OLR-based  convection  pattern  for  each  northern  winter  monsoon  season  fi'om 
1979  to  1998  was  averaged  together  to  produce  a  19-year  mean  convection  chart  (Figure 
3)*  The  strongest  convection  occurs  south  of  the  equator,  which  correspond  to  the 
summer  hemisphere  monsoon  region.  The  ITCZ  and  SPCZ  areas  can  be  seen  clearly 
with  the  ITCZ  oriented  zonally  north  of  Australia  and  the  SPCZ  oriented  fi-om  New 
Guinea  to  the  southeast. 
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IV.  ANALYSIS 


Before  the  composite  analysis  of  the  interaction  between  northeasterly  cold- 
surges  and  the  MJO,  individual  pressure  and  circulation  patterns  associated  with  cold- 
surges  and  MJO  events  are  identified.  Following  identification  of  the  characteristics 
associated  with  each  feature,  the  composite  analysis  (using  the  OLR-based  convection 
index)  is  defined  based  on  stratification  of  cold-surge  events  that  occurred  during  specific 
periods  within  the  MJO  cycle. 

A.  MADDEN-JULIAN  OSCILLATION  BASED  ON  OLR  DATA 

The  MJO  is  well  defined  in  the  equatorial  region  between  the  eastern  Indian 
Ocean  and  the  western  Pacific  during  the  northern  winter  monsoon  (Madden  and  Julian 
1994).  Based  on  the  theoretical  and  numerical  analyses  of  the  effects  of  anomalous 
heating  along  the  equator  (Gill  1980;  Lau  and  Peng  1987),  the  “typical”  circulation  and 
convection  patterns  can  be  represented  by  a  combination  of  Rossby  and  Kelvin  mode 
responses  (Figure  4).  During  the  active  phase  when  convection  represents  an  anomalous 
heat  source  on  the  equator,  a  pattern  of  Rossby  Gyres,  northwest  and  southwest  of  the 
heat  source,  is  generated  off  the  equator  over  subtropical  latitudes.  Associated  with  these 
cyclonic  circulations  are  enhanced  equatorial  westerlies  to  the  west  of  the  heat  source. 

To  the  east  of  the  heat  source,  a  Kelvin  wave  response  is  generated.  Associated  with  this 
mode  are  easterly  winds  along  the  equator.  The  combination  of  easterly  winds  east  of  the 
MJO  convection  and  westerly  winds  to  the  west  of  the  MJO  convection  contributes  to 
convergence  and  persistence  of  the  convection  phase.  Rui  and  Wang  (1990)  identified 
that  the  maximum  convergence  occurs  slightly  east  of  the  main  convection,  which 
contributes  to  the  eastward  movement  of  the  entire  pattern.  These  circulation  and 
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convection  patterns  will  be  used  to  hypothesize  how  the  MJO  pressure,  wind,  and 
convection  patterns  may  influence  a  cold-surge  event. 

To  identify  MJO  events  during  1979-1998,  the  OLR  data  are  band-pass  filtered  to 
isolate  the  20  to  60  day  signal  of  the  MJO.  The  filtered  OLR  data  that  define  the 
convection  index  are  averaged  between  the  equator  to  15S.  To  identify  the  time 
evolution  of  the  tropical  convection  associated  with  the  MJO,  time-longitude  cross 
sections  of  the  filtered  OLR  data  are  plotted  (Figure  5),  such  that  the  MJO  appears  as 
eastward-propagating  areas  of  convection.  The  active  and  inactive  phases  are  further 
divided  into  early  active/inactive  (initial  50%  of  the  MJO  duration)  and  the  late 
active/inactive  (second  50%  of  the  MJO  duration). 

There  were  26  MJO  episodes  identified  over  the  northern  winter  monsoon  periods 
between  1979  and  1998.  Due  to  interannual  variability,  the  MJO  appears  as  a  strong 
signal  one  year  but  may  be  weak  the  next  year.  For  example.  Figure  4  defines  strong 
MJO  signals  during  the  1985, 1987,  1988,  1990,  1992,  and  the  1997  northern  winter 
monsoon  seasons.  No  MJO  signals  were  present  during  the  1981, 1984, 1994,  and  1996 
northern  winter  monsoon  seasons. 

B.  NORTHEASTERLY  COLD  SURGES  OVER  THE  SOUTH  CHINA  SEA 
Northeasterly  cold-surges  are  characterized  by  cold,  dry  continental  air  that 
moves  fi'om  eastern  Asia  equatorward.  The  sharp  drop  in  temperature  over 
south/southeast  Asia  is  accompanied  by  a  “surge”  of  the  northeasterly  wind  into  the  East 
China  Sea  and  the  South  China  Sea  (Wu  and  Chan  1995).  Although  previous  studies 
1 998)  have  shown  that  the  zonal  (u)  and  meridional  (v)  wind  components  are 
positively  correlated  (i.e.,  when  there  are  strong  easterlies,  there  are  strong  northerlies). 
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the  primary  cold-surge  signal  is  contained  in  the  v  wind  component.  For  this  reason,  the 
meridional  (v)  component  is  used  to  define  cold-surge  events.  Figure  6  represents  time 
series  of  the  1000  hPa  v-wind  component  averaged  along  7.5N,  and  between  105E  to 
1 15E  (southern  end  of  the  South  China  Sea)  during  each  northern  winter  monsoon  period 
(December  through  March)  between  1979  and  1998.  Negative  v-wind  values  represent 
northerly  winds.  Cold-surge  events  are  identified  when  the  northerly  acceleration  of 
winds  persists  for  at  least  3  days  and  reaches  approximately  -4.5  m/s.  Day  0  is  defined 
as  the  day  when  the  northerly  winds  are  at  a  minimum,  which  signifies  the  beginning  of  a 
cold-surge  event.  Over  the  19-year  period,  139  surge  events  were  identified  during  the 
northern  winter  monsoon  seasons.  Table  1  of  Appendix  A  labels  each  surge  event  from 
day  1  to  day  12  for  each  northern  winter  monsoon  period  from  1979  to  1998.  Table  1 
also  shows  in  which  phase  of  the  MJO  the  surge  event  occmred  (bold  is  active  phase). 

On  average,  there  were  7  surge  events  per  northern  winter  monsoon  with  a  maximum  of  9 
surge  events  occurring  during  the  1981,  1982,  and  1985  northern  winter  monsoon 
seasons,  and  a  minimum  of  5  siu*ge  events  occurring  during  1980  and  1992  northern 
winter  monsoon  seasons. 

Typically,  the  intensification  and  southwestward  movement  of  the  low-level 
Siberian-Mongolian  anticyclone  (Wu  and  Chan,  1995;  Compo  et.  al.,  1999)  initiates  cold 
surges.  The  coimection  between  typical  synoptic-scale  variability  associated  with  the 
mid-latitude  forcing  of  cold-surges  is  thought  to  be  the  primary  reason  for  the  observed 
interannual  variability  in  the  occurrence  of  cold-surges.  In  the  remainder  of  this  chapter, 
the  relationships  between  cold-surges  and  intraseasonally  varying  MJO  characteristics 
will  be  identified. 
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C.  HYPOTHESIS  ON  THE  INTERACTION  OF  SURGES  AND  THE  MJO 

Interactions  between  the  MJO  and  cold-surge  features  are  investigated  by 
considering  a  superposition  of  the  cold-surge  on  each  phase  of  the  MJO.  The  schematic 
MJO  circulation  and  convection  pattern  of  Figure  4  are  modified  in  Figure  7  to  represent 
the  hypothesized  effects  of  the  superposition  of  the  cold-surge  on  the  MJO  features. 
During  the  MJO  active  phase,  enhanced  convection  over  the  equatorial  region  of  the 
South  China  Sea  produces  lower  pressure.  The  lower  pressure  will  contribute  to  an 
increased  pressure  gradient  between  the  mid-latitudes  and  the  equatorial  region,  which 
may  produce  favorable  conditions  for  the  cold-surge  (represented  by  solid  arrows  going 
into  the  area  of  convection  on  Figure  7).  However,  the  pressure-wind  pattern  associated 
with  the  MJO  (and  represented  by  a  open  arrow  in  Figure  7)  may  produce  an  imfavorable 
situation  for  a  surge  event  to  occur  because  the  cyclonic  flow  associated  with  the  Rossby 
Gyres  imposed  by  the  heat  source  tends  to  oppose  the  direction  of  flow  of  the  cold-surge. 

During  the  inactive  phase,  the  lack  of  convection  contributes  to  higher  pressure 
over  the  equatorial  portion  of  the  South  China  Sea.  The  reduced  pressure  gradient  will 
not  act  to  enhance  a  surge  into  the  area  (represented  by  solid  arrows  moving  out  of  the 
dry  region  in  Figure  7).  However,  the  pressure-wind  pattern  may  produce  a  favorable 
situation  for  an  incoming  surge  (represented  by  an  open  arrow  around  the  anticyclone  in 
Figure  7).  Therefore,  it  is  hypothesized  that  during  cold-surge  events  that  are  observed  to 
occur  during  the  MJO  active  phase,  the  effects  of  the  MJO  convection  must  dominate  the 
effects  of  the  MJO’s  pressure-wind  pattern.  Also,  during  the  inactive  phase,  the  effects 
of  the  MJO’s  pressure-wind  pattern  or  the  mid-latitude  baroclinic  forcing  must  dominate 
the  effects  of  the  lack  of  MJO  convection  for  a  surge  event  to  occur. 
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There  were  62  cold-surge  events  (Figure  6)  identified  in  conjunction  with  the 
MJO  (approximately  45%  of  the  total  number  of  surge  events  identified).  Since  there 
were  139  total  surge  events  identified  and  only  62  were  related  to  the  MJO,  it  can  be 
inferred  that  mid-latitude  forcing  dominates  the  initiation  of  a  cold-surge.  However,  the 
MJO  may  have  an  effect  on  the  surge  intensity  and  duration  extending  into  the  equatorial 
region,  which  is  the  point  of  this  study. 

D.  COMPOSITE  ANALYSIS 

All  the  cold  surges  that  were  related  to  the  MJO  are  plotted  on  a  histogram 
(Figure  8)  with  respect  to  the  MJO  phase  in  which  each  cold-surge  event  occurred.  Of 
the  62  cold-surge  events  associated  with  an  MJO,  42  occurred  during  the  active  phase 
and  20  occurred  during  the  inactive  phase.  Therefore,  it  is  inferred  that  the  active  phase 
is  more  favorable  for  the  occurrence  of  a  cold-surge  event  than  the  inactive  phase.  The 
observed  distribution  of  surge  events  supports  the  hypothesis  that  the  effects  of  the  MJO 
convection  would  be  favorable  for  surges  during  the  active  phase  and  unfavorable  during 
the  inactive  phase.  Recall,  that  the  hypothesis  is  that  the  increased  pressure  gradient  due 
to  the  convection  pattern  provides  a  favorable  condition  for  extension  of  a  surge  to  the 
southern  portion  of  the  South  China  Sea. 

There  were  20  surge  events  that  occurred  during  the  inactive  phase.  Although, 
the  presence  of  the  inactive  phase  of  the  MJO  does  not  preclude  cold-surges  from 
occurring  altogether,  the  number  of  surges  is  greatly  reduced  during  the  inactive  phase. 
Therefore,  it  is  hypothesized  that  the  mid-latitudes  and/or  the  pressure-wind  pattern  of  the 
MJO  must  provide  the  dominant  forcing  for  a  surge  event  to  occur  during  the  inactive 
phase. 
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The  reason  for  splitting  the  active  phase  and  inactive  phase  into  the  early-  and 
late-phases  (based  on  the  MJO  duration)  is  that  a  surge  that  occurs  in  the  early-active 
phase  stays  in  the  active  phase  for  the  typical  duration  of  the  surge.  A  surge  that  begins 
during  the  early-inactive  phase  stays  in  the  inactive  phase  for  the  typical  duration  of  the 
surge  event.  However,  this  is  not  the  case  with  the  late-active  and  late-inactive  phases. 
A  surge  that  occurs  during  the  late-active  phase  transitions  from  the  active  phase  to  the 
inactive  phase  over  its  duration  and  a  surge  that  occurs  during  the  late-inactive  phase 
transitions  to  the  active  phase  over  its  duration. 

Comparison  of  the  early-active  phase  and  the  late-active  phase  reveals  that  a 
larger  number  of  cold-surge  events  (18  early  and  24  late)  occur  during  the  late-active 
phase.  Recall  that  during  the  early-active  phase,  the  areas  of  convection  associated  with 
the  MJO  are  just  beginning  to  enter  the  southern  part  of  the  South  China  Sea.  However, 
during  the  late-active  phase,  the  convection  associated  with  the  MJO  is  maximum  over 
the  southern  end  of  the  South  China  Sea.  Therefore,  it  may  be  inferred  that  the  pressure 
gradient  becomes  more  enhanced  as  the  MJO  transitions  from  the  early-active  phase  into 
the  late-active  phase  over  the  southern  end  of  the  South  China  Sea.  Thus  producing  a 
more  favorable  condition  for  the  extension  of  a  surge  into  the  South  China  Sea. 
Comparison  of  the  early-inactive  phase  and  late-inactive  phase  reveals  that  the  late- 
inactive  phase  had  a  larger  number  of  cold-surge  events  (6  early  and  14  late)  than  the 
early-inactive  phase  over  the  South  China  Sea.  The  lack  of  MJO  convection  over  the 
e<]uatorial  portion  of  the  South  China  Sea  during  the  early-inactive  phase  is  unfavorable 
for  the  extension  of  a  surge  equatorward.  For  a  surge  event  to  occur  during  the  inactive 
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phase,  the  mid-latitudes  and/or  pressure-wind  pattern  of  the  MJO  must  be  the  dominant 
forcing  of  the  cold-surge  event. 

The  detailed  characteristics  associated  with  cold-surges  during  each  of  the  four 
MJO  phases  are  examined  by  construction  of  composite  1000  hPa  winds  and  convection 
index  fields  from  Iday  to  12  days  after  day  0  (Appendix  B).  Different  characteristics 
associated  with  the  phases  of  the  MJO  are  defined  by  comparisons  between  the  early- 
inactive  and  early-active  phases,  and  between  the  late-inactive  and  late-active  phases, 
active  and  early-/late-inactive  phases.  Following  examination  of  the  daily  composites, 
days  1  through  6  and  days  7  through  12  were  combined  for  each  of  the  four  phases. 

A  brief  discussion  of  the  comparison  of  the  early-active  and  early-inactive  phases 
is  provided  as  a  basis  to  the  grouping  and  discussion  of  the  days  1-6  and  days  7-12 
composites.  The  early-active  and  early-inactive  phases  are  analyzed  because  the  typical 
duration  of  a  surge  will  occur  solely  within  each  phase.  Also,  the  late-active  and  late- 
inactive  phases  are  analyzed  together  due  to  the  change  of  phase  that  occur  over  the 
duration  of  the  surge  event  (late-  active  to  early-inactive  and  late-inactive  to  early-active). 

Analysis  of  daily  charts  for  each  phase  of  the  MJO  from  day  1  to  day  12  revealed 
that  there  was  a  change  in  the  surge  characteristics  around  day  7.  For  example,  the  early- 
inactive  phase  for  day  1  to  day  12  of  a  surge  event  (Figures  B.l.a  through  B.1.1)  provides 
a  clear  example  of  the  change  in  surge  characteristics  over  time.  In  Figure  B.l.a,  the 
Siberian-Mongolian  anticyclone  over  eastern  Asia  is  weak  and  the  northeasterly  flow 
remains  near  the  Asian  coastline.  From  day  2  to  day  4  (Figures  B.l.b-d),  the  Siberian- 
Mongolian  anticyclone  intensifies  and  a  wider  band  of  northeasterlies  is  identifiable  over 
the  extreme  western  Pacific.  However,  from  day  5  to  day  7  (Figures  B.  1  .e-g),  the 
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Siberian-Mongolian  anticyclone  migrates  eastward  and  a  noticeable  weakening  in  the 
northeasterly  flow  occurs.  This  cycle  repeats  itself  for  day  8  through  day  12  (i.e.  day  8  is 
similar  to  the  synoptic  situation  for  day  1).  Therefore,  during  the  early-inactive  phase, 
the  composites  indicate  that  surges  vary  over  synoptic  time  scales,  which  last  no  longer 
than  a  week. 

For  the  early-active  phase,  the  characteristics  of  surge  events  exhibited  little 
variation  from  day  1  to  day  12.  At  day  1  (Figure  B.2.a),  the  Siberian-Mongolian 
anticyclone  is  relatively  weak  and  the  northeasterly  flow  is  narrow  along  the  Asian 
coastline.  When  the  Siberian-Mongolian  anticyclone  builds,  the  northeasterly  flow 
intensifies  from  day  2  to  day  9  (Figures  B.2.b  to  B.2.i)  and  then  begins  to  weaken  such 
that  by  day  1 1  (Figure  B.2.k),  the  synoptic  pattern  resembles  day  1.  During  the  early- 
active  phase,  there  is  an  indication  that  surges  last  longer  than  the  synoptic-scale  surges 
of  the  early-inactive  phase.  Therefore,  based  on  this  chart,  it  is  concluded  that  the 
persistence  of  the  MJO  convection  over  the  equatorial  region  contributed  to  maintenance 
of  the  northeasterly  flow  for  longer  periods  of  time.  Due  to  the  identification  of  the 
synoptic-scale  duration  of  typical  surges  in  the  day  1  to  day  12  composites  and  in  the 
time  series  of  v-components  (Figure  6),  the  individual  day  composites  were  averaged 
from  day  1  to  day  6  and  day  7  to  day  12  for  each  phase.  Following  the  examination  of 
these  averaged  composites,  the  differences  between  the  early-active  and  early-inactive 
phases  (day  1  to  day  6  and  day  7  to  day  12)  will  be  examined,  as  well  as  the  differences 
between  the  late-active  and  late-inactive  phases  (day  1  to  day  6  and  day  7  to  day  12). 

The  composites  of  the  early-active  and  early-inactive  phases  averaged  from  day  1 
to  day  6  are  examined  first  (Figure  9).  During  the  early-active  phase,  the  MJO 
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convection  becomes  established  over  the  extreme  southern  portion  of  the  South  China 
Sea  (Figine  9a).  Northeasterly  flow  dominates  the  extreme  western  Pacific  and  the  East 
and  South  China  Seas.  The  Siberian-Mongolian  anticyclone  is  well  established  and  is 
located  over  eastern  Asia.  The  composite  of  the  early-inactive  phase  (Figure  9b) 
averaged  from  day  1  to  day  6  defines  a  lack  of  convection  over  the  South  China  Sea.  The 
Siberian-Mongolian  anticyclone  is  also  established  over  eastern  Asia  with  northeasterly 
flow  persisting  over  the  extreme  western  Pacific.  The  differences  between  the  early- 
active  and  early-inactive  phase  (Figure  9.c)  indicates  that  the  northeasterly  flow  over  the 
East  and  South  China  Seas  is  stronger  during  the  early-active  phase.  This  is  attributed  to 
the  presence  of  enhanced  convection  due  to  the  active  MJO,  which  acts  to  produce  an 
increased  pressure  gradient  over  the  South  China  Sea  and  stronger  northeasterly  flow. 

The  Siberian-Mongolian  anticyclone  is  stronger  for  the  early-inactive  phase  as  defined  by 
the  cyclonic  difference  over  eastern  Asia.  Although  the  northeasterly  flow  during  the 
early-active  phase  is  larger  than  during  the  early-inactive  phase,  the  mid-latitude  forcing 
of  cold-surges  is  larger  during  the  early-inactive  phase.  Therefore,  it  appears  that  the 
enhanced  convection  influences  the  surge  winds  to  a  greater  extent  than  the  mid-latitude 
forcing  by  the  Siberian-Mongolian  anticyclone. 

Next,  the  composites  of  the  early-active  and  early-inactive  phases  averaged  from 
day  7  to  day  12  are  examined.  During  days  7-12  of  the  early-active  phase  (Figure  10a), 
there  is  considerably  more  convection  over  the  South  China  Sea  than  during  the  day  1-6 
average  composite  (Figure  9a).  The  Siberian-Mongolian  anticyclone  is  still  present  over 
eastern  Asia  and  the  northeasterly  flow  over  the  western  Pacific  covers  a  larger  area 
during  days  1-6  (Figure  9a).  During  the  early-inactive  phase  there  is  much  reduced 
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convection  over  the  South  China  Sea.  Also,  the  Siberian-Mongolian  anticyclone  over 
eastern  Asia  is  reduced  from  days  1  -6  while  flow  along  the  Asian  coastline  also  appears 
to  have  weakened.  The  difference  (Figure  lO.c)  between  the  early-active  and  early- 
inactive  phase  averaged  from  day  7  to  day  12  reveals  much  stronger  northeasterly  flow 
over  the  extreme  western  Pacific,  and  East  and  South  China  Seas  during  the  day  7-12 
early-active  phase.  The  difference  in  convection  over  the  region  has  also  increased  from 
day  7-12  (Figure  lO.c)  than  that  from  day  1-6  (Figure  9.c).  The  strength  of  the  Siberian- 
Mongolian  anticyclone  over  eastern  Asia  appears  to  be  similar  during  the  two  phases 
since  the  cyclonic  differences  over  eastern  Asia  in  Figure  9.c  are  no  longer  evident  in 
Figure  lO.c. 

Comparison  of  the  day  1-6  and  day  7-12  composites  suggests  that  the  longer  time 
scales  of  the  MJO  convection  dominates  the  synoptic-scale  variation  of  the  Siberian- 
Mongolian  anticyclone.  The  cyclonic  difference  over  eastern  Asia  during  the  day  1-6  do 
not  persist  to  day  7-12,  while  the  difference  in  northeasterly  flow  over  the  South  China 
Sea  increase  from  day  1-6  to  day  7-12.  Therefore,  surges  during  the  early-active  phase 
persist  well  into  the  second  week.  The  persistence  of  MJO  convection  in  the  equatorial 
region  contributes  to  the  persistence  of  the  northeasterly  flow  regime.  During  the  early- 
inactive  phase,  surges  persist  on  a  synoptic  time  scale,  which  is  no  longer  than  a  week. 

The  composites  of  the  late-active  and  late-inactive  phases  averaged  from  day  1  to 
day  6  are  examined  (Figure  1  la  and  1  lb).  During  the  late-active  phase  (Figure  1  la), 
there  is  considerable  convection  over  the  South  China  Sea.  The  Siberian-Mongolian 
anticyclone  over  eastern  Asia  contributes  to  a  broad  band  of  northeasterly  flow  over  the 
western  Pacific,  and  the  East  and  South  China  Seas.  There  is  little  or  no  convection  over 
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the  South  China  Sea  during  the  late-inactive  phase  (Figure  1  lb).  The  Siberian- 
Mongolian  anticyclone  appears  weak  and  as  a  result,  the  northeasterly  flow  is  weak.  The 
difference  chart  between  the  late-active  and  late-inactive  phases  (Figure  1  l.c)  averaged 
from  day  1  to  day  6  indicates  that  the  northeasterly  flow  over  the  South  China  Sea  is 
stronger  during  the  late-active  phase.  There  is  very  little  difference  between  the  intensity 
of  the  Siberian-Mongolian  anticyclone  during  the  late-active  and  late-inactive  phases. 

The  subtropical  ridge  is  much  stronger  during  the  late-inactive  phase  than  the  late-active 
phase  since  there  is  a  cyclonic  difference  over  a  broad  subtropical  region. 

The  late-active  and  late-inactive  phases  (Figures  12a  and  12b)  averaged  from  day 
7  to  day  12  are  examined.  During  the  late-active  phase  day  7-12  (Figure  12a),  the 
convection  associated  with  the  MJO  has  shifted  to  the  east  as  the  MJO  signal  propagates 
eastward.  There  is  also  a  noticeable  increase  in  northerly  flow  over  the  western  Pacific 
between  120E  and  180E.  During  the  late-inactive  phase  day  7-12  (Figure  12b),  the 
convection  over  the  South  China  Sea  has  increased  slightly  as  has  northeasterly  flow 
between  120E  to  180E.  However,  only  over  the  South  China  Sea  did  the  northeasterly 
flow  extend  to  the  equator  during  the  late-inactive  phase  (Figure  12b).  The  differences 
between  the  late-active  and  late-inactive  phases  (Figure  12.c)  averaged  from  day  7  to  day 
12  define  southwesterly  flow  over  the  South  China  Sea,  which  indicates  that  the 
northeasterly  flow  over  this  region  associated  with  the  late-inactive  phase  is  stronger  than 
the  late-active  phase.  The  Siberian-Mongolian  anticyclone  appears  to  be  stronger  during 
the  late-inactive  phase  as  indicated  by  cyclonic  flow  over  eastern  Asia.  The  difference  in 
convection  over  the  South  China  Sea  appears  to  have  decreased,  while  it  has  increased 
along  the  equator  northeast  of  Australia. 
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From  the  difference  charts  for  both  the  late-active  and  late-inactive  phases  from 
day  1  to  day  6  and  from  day  7  to  day  12,  surges  during  the  late-active  phase  are  shorter  in 
duration  than  those  seen  with  the  early-active  phase.  Therefore,  the  transition  of  the  MJO 
from  the  late-active  phase  into  the  early-inactive  phase  results  in  a  shortened  surge 
duration.  However,  during  the  late-inactive  phase,  surges  dominated  by  the  mid-latitude 
forcing  of  the  stronger  Siberian-Mongolian  anticyclone  are  longer  in  duration  due  to  mid¬ 
latitude  forcing  and  increased  convection,  as  the  late-inactive  phase  transitions  into  the 
early-active  phase  by  the  second  week. 
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Figure  5.  Time-Longitude  plots  of  filtered  convection  index  based  on  OLR  data  from 
1979  to  1998  during  the  northern  winter  monsoon.  The  convection  index  was  averaged 
between  the  equator  and  15S.  Units  are  in  Wm’^.  Individual  eastward-propagating  MJO 
events  are  marked  with  diagonal  black  lines. 
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Figure  5.  Continued. 
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Figure  5.  Continued. 
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Time  VS.  Loncitude  Piets  of  Filtered  OLR  Dec1984-M3r  1985 
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Figure  5.  Continued. 
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Figures.  Continued. 
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Figure  5.  Continued. 
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Figure  6.  Time  series  of  the  v  wind  component  averaged  along  7.5N  and  between  105E- 
1 15E.  Northeasterly  winds  are  indicated  by  negative  values.  The  solid  line  represents 
Day  0  of  cold  surge  events  associated  with  MJO  and  the  dashed  line  represents  Day  0  of 
cold  surge  events  not  associated  with  the  MJO. 
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Figure  6.  Continued. 


37 


Averse  U  for  So  uthChna  Sea  Decern  be  r  19S9-Maich  1990 


12.‘1  12.11  12, -21  12D1  1/1C  1.^C  1,00  2/19  O'l  0^11  0^1  3; 


Time  (Days) 


Figure  6.  Continued. 
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Figure  8.  Histogram  of  surge  events  associated  with  the  MJO. 
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Figure  1 1 .  Composite  analysis  of  averaged  1000  hPa  winds  and  convection  for  surge 
events  during  the  (a)  late-active  and  the  (b)  late-inactive  phases  averaged  from  day  1  to 
di 


Figure  1 1  .c.  Difference  between  surge  events  during  the  late-active  and  late-inactive 
phases  averaged  from  day  1  to  day  6. 
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Figure  12.  Composite  analysis  of  averaged  1000  hPa  winds  and  convection  for  surge 
events  during  the  (a)  late-active  and  the  (b)  late-inactive  phases  averaged  from  day  7  to 
d 
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V.  SUMMARY  AND  CONCLUSIONS 


This  study  used  NCEP  1000  hPa  wind  reanalysis  and  OLR-based  convection 
fields  to  examine  the  interaction  between  the  Madden-Julian  Oscillation  and  northeasterly 
cold-surges  over  the  South  China  Sea  during  the  northern  winter  monsoon.  The 
schematic  MJO  circulation  and  convection  patterns  of  Figure  7  are  modified  in  Figure  13 
to  represent  the  effects  of  the  superposition  of  cold-surge  events  and  MJO  features  over 
the  South  China  Sea  during  the  early-active  and  early-inactive  phases  for  the  averages 
from  day  1  to  day  6  and  from  day  7  to  day  12.  The  dashed  boxes  correspond  to  the  South 
China  Sea  and  its  position  relative  to  the  eastward-propagating  MJO.  During  the  early- 
active  phase  day  1-6,  the  area  of  convection  associated  with  the  MJO  has  just  reached  the 
longitude  of  the  South  China  Sea.  The  MJO  convection  produces  lower  pressure  over  the 
region,  which  acts  to  increase  the  pressure  gradient  between  the  mid-latitude  forcing  of 
the  Siberian-Mongolian  anticyclone  and  the  equatorial  region.  The  pressure-wind  pattern 
during  the  early-active  phase  would  act  to  oppose  northerly  winds  over  eastern  Asia. 
Opposite  condition  would  occm  during  the  early-inactive  phase  days  1-6.  Based  on  the 
differences  (Figure  9.c)  between  the  early-active  and  early-inactive  days  1-6,  the 
magnitude  of  northerly  winds  south  of  10°N  over  the  South  China  Sea  was  nearly  equal 
during  the  two  phases  (westerly  differences).  These  differences  indicate  that  during  the 
early  stages  of  each  MJO  phase  there  is  a  balance  between  competing  effects. 

When  the  early-active  phase  progresses  to  day  7-12  period,  the  MJO  signal  is 
located  directly  over  the  South  China  Sea.  This  leads  to  stronger  convection  and  even 
lower  pressure  than  that  of  the  early-active  phase  day  1-6.  The  persistence  of  convection 
associated  with  the  early-active  phase  of  the  MJO  over  the  day  1-12  period  results  in 
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surges  of  longer  duration  than  surges  that  occurred  during  the  early-inactive  phase. 

Surges  during  early-inactive  phase  are  dominated  by  the  synoptic-scale  forcing  from  the 
mid-latitudes  (Figure  9.c).  Therefore,  they  typically  do  not  last  more  than  six  days. 

Recall  that  of  the  42  surge  events  that  occurred  during  the  active  phase,  18  surge 
events  occurred  during  the  early-active  phase,  while  24  surge  events  occurred  during  the 
late-active  phase.  The  effects  of  the  pressure-wind  pattern  of  the  MJO,  especially  days  1- 
6  of  early- active  phase,  may  act  to  limit  the  number  of  the  surge  events  particularly  if  the 
mid-latitude  forcing  is  weak.  The  MJO  convection  appears  to  dominate  the  effects  of  the 
pressure-wind  pattern  of  the  MJO  during  days  7-12  of  the  early-active  phase.  In 
particular,  the  slowly  varying  convection  freld  acts  to  increase  the  duration  of  northerly 
winds  over  the  South  China  Sea. 

During  the  early-inactive  phase  day  1-6,  there  is  little  or  no  convection  over  the 
South  China  Sea,  which  contributes  to  higher  pressure  over  the  area.  Of  the  20  surge- 
events  that  occur  during  the  inactive  phase,  only  6  occur  during  the  early-inactive  phase. 
The  reduction  in  number  of  surge  events  during  this  phase  suggests  that  mid-latitude 
forcing  is  solely  responsible  for  the  initiation  of  the  surge.  The  forcing  must  be  large 
enough  to  overcome  the  negative  aspect  of  the  MJO  convection  signal. 

The  schematic  MJO  circulation  and  convection  pattern  of  Figure  7  are  also 
modified  in  Figure  14  to  represent  the  effects  of  the  superposition  of  cold-surge  events  on 
the  MJO  features  over  the  South  China  Sea  during  the  late-active  and  late-inactive 
phases,  averaged  from  day  1  to  day  6  and  day  7  to  day  12.  The  dashed  boxes  also 
correspond  to  the  location  of  the  South  China  Sea  and  its  position  relative  to  the 
eastward-propagating  MJO  signal.  During  the  late-active  phase  day  1-6,  the  MJO  signal 
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lies  directly  over  the  South  China  Sea  region.  Therefore,  the  MJO  convection  causes  an 
enhanced  pressure  gradient  between  the  mid-latitudes  and  the  equatorial  region,  which 
leads  to  strong  northeasterly  flow.  During  day  7-12  of  the  late-active  phase,  the  MJO 
signal  has  passed  through  the  South  China  Sea  region  and  the  area  begins  to  enter  the 
early-inactive  phase  (i.e.,  reduced  convection).  The  effects  of  the  eastward  movement  of 
the  MJO  convection  weaken  the  favorable  pressure  gradient  pattern  over  the  South  China 
Sea. 

As  an  alternative  to  the  schematic  in  Figure  14,  it  might  be  considered  that  during 
day  7-12,  the  eastward  movement  of  the  cyclonic  circulations  associated  with  the  MJO 
convection  might  be  oriented  such  that  the  western  portion  of  the  cyclonic  cell  is  over  the 
South  China  Sea.  This  would  lead  to  an  increase  in  northerly  winds  over  the  South  China 
Sea.  However,  the  composite  analysis  of  chapter  ,  4  indicates  that  surges  associated  with 
the  late-inactive  phase  day  7-12  are  larger  than  surges  associated  with  the  late-active 
phase  day  7-12.  This  result  leads  to  the  conclusion  that  the  influence  of  the  MJO 
convection  pattern  dominates  the  MJO  circulation  pattern  during  all  phases. 

Conversely,  surges  during  the  late-inactive  phase  tend  to  last  longer  due  to  the 
favorable  influences  of  the  transition  to  the  early-active  phase.  When  the  late-inactive 
phase  day  1-6  transitions  into  the  late-inactive  phase  day  7-12,  the  convection  over  the 
South  China  Sea  begins  to  increase.  The  MJO  signal  is  now  beginning  to  create 
conditions  as  observed  during  the  early-active  phase  day  1-6.  Also,  the  pressure- wind 
pattern  of  the  MJO  is  much  more  favorable  and  the  combination  with  the  increase  of 
convection  over  the  region  leads  to  surges  of  longer  duration  during  the  late-inactive 
phase  than  during  the  late-active  phase. 
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From  these  observations,  the  following  can  be  concluded.  The  phase  of  the  MJO 
over  the  South  China  Sea  acts  to  either  enhance  or  weaken  a  cold-surge  that  may  have 
been  originally  forced  by  the  mid-latitude  Siberian-Mongolian  anticyclone.  When  the 
MJO  convection  is  located  over  the  South  China  Sea,  the  surge  is  enhanced.  The 
favorable  convection  pattern  of  the  MJO  dominates  the  unfavorable  pressure-wind 
pattern  of  the  MJO.  When  the  MJO  dry  phase  is  over  the  South  China  Sea,  greater  mid¬ 
latitude  baroclinic  forcing  is  required  to  initiate  a  surge.  The  pressure-wind  pattern  of  the 
MJO  dominates  the  unfavorable  convection  pattern  of  the  MJO.  Lastly,  the  initiation  of 
cold-surges  over  the  South  China  Sea  is  either  by  MJO  convection  or  by  mid-latitude 
forcing,  but  not  the  pressure-wind  pattern  associated  with  the  MJO. 

The  relationships  between  cold-surges  and  the  MJO  defined  here  may  be  further 
examined  through  inclusion  of  additional  levels  in  the  vertical.  Also,  the  amoimt  of 
forcing  by  mid-latitude  mechanisms  relative  to  the  influences  of  the  MJO  circulation  and 
convection  patterns  should  be  identified.  Identification  of  whether  a  surge  is  being 
dominated  by  the  mid-latitudes  or  MJO  influences  would  provide  some  indication  of 
potential  surge  extent  and  duration. 
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Figure  13.  Schematic  of  the  pressure-wind  pattern  and  convection  pattern  for  the  MJO 
(as  in  Figure  4)  modified  to  include  the  influence  of  MJO  convection  (bold  solid  arrows) 
and  MJO  pressure-wind  pattern  (open  arrows)  on  cold-surge  northerly  winds  that  would 
be  superimposed  on  the  MJO  features  during  the  early-active  and  early-inactive  phases. 
The  locations  of  the  South  China  Sea  are  defined  by  dashed  boxes  relative  to  each  phase 
and  each  average  period  (daysl-6  and  days  7-12). 
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Figure  14.  Schematic  of  the  pressure-wind  pattern  and  convection  pattern  for  the  MJO 
(as  in  Figure  4)  modified  to  include  the  influence  of  MJO  convection  (bold  solid  arrows) 
and  MJO  pressure-wind  pattern  (open  arrows)  on  cold-surge  northerly  winds  that  would 
be  superimposed  on  the  MJO  features  during  the  late-active  and  late-inactive  phases.  The 
locations  of  the  South  China  Sea  are  defined  by  dashed  boxes  relative  to  each  phase  and 
each  average  period  (days  1-6  and  days  7-12). 
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APPENDIX  A.  NORTHERLY  SURGE  EVENTS  BASED  ON  THE  V- 

COMPONENT  INDEX 


Table  A.  contains  a  list  (by  date)  of  all  surge  events  that  occurred  over  the  South 
China  Sea  and  were  associated  with  the  MJO  between  1979  and  1998.  Sixty-two  surge 
events  associated  with  the  MJO  were  identified  during  the  northern  winter  monsoon  over 
this  period.  Composites  of  1000  hPa  winds  and  convection  were  taken  firom  day  1  to  day 
12.  The  surge  events  that  occurred  during  the  active  phase  are  in  bold.  Note  that  no  MJO 
occurred  during  the  northern  winter  monsoon  for  1981, 1984, 1994,  and  1996. 
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21 -Mar-80 


|22-Mar-80 


lwcgjiRTg;i«il 


24-Mar-80 


25-Mar-80 


26-Mar-80 


27-Mar-80 


28-Mar-80 


29-Mar-80 


30-Mar-80 


31 -Mar-80 


29-Dec-81 

1 

29-Jan-82 

30-Dec-81 

2 

30-Jan-82 

31-Dec-81 

3 

31 -Jan-82 

2S-Mar-82 


26-Mar-82 


27-Mar-82 


28-Mar-82 


29-Mar-82 


30-Mar-82 


31 -Mar-82 
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01 -Dec-82 

01-Jan-83 

7.1 

02-Dec-82 

02“J3n“83 

8.2 

03-Dec-82 

03-Jan-83 

9.3 

04-Dec-82 

04-Jan-83 

10,4 

05-Dec-82 

05-Jan-83 

11,5 

06-Dec-82 

06-Jan-83 

12,6 

07-Dec-82 

7 

08-Dec-82 

1 

08-Jan-83 

8 

09-Dec-82 

2 

09-Jan-83 

9 

3 

10-Jan-83 

10 

11 -Dec-82 

4 

11 -Jan-83 

11 

12-Dec-82 

5 

12- Jan-83 

12 

13-Dec-82 

6 

1 3-J3n“83 

14-Deo-82 

7 

14-Jan-83 

8 

15-Jan-83 

16-Deo-82 

9 

16- Jan-83 

17-Dec.82 

10 

17-Jan-83 

18-Dec-82 

11 

1 8~J3n-83 

19-Dec-82 

12 

19-Jan-83 

20-Dec-82 

20-Jan-83 

21 -Dec-82 

21 -Jan-83 

22'-J3n-83 

23-Dec-82 

23-Jan-83 

24-Dec-82 

24-j3n-83 

25-Dec-82 

25-Jan-83 

26-Dec-82 

1 

26-Jan-83 

27-Dec-82 

2 

28-Dec-82 

3 

28-Jan-83 

29-D6C-82 

4 

29-Jan-83 

30-Dec-82 

5 

30“J3n“83 

31 -Dec-82 

6 

31 -Jan-83 

Table  A.  Continued. 


01 -Feb-83 


02-Feb-83 


03-Feb-83 


04-Feb-83 


06-Feb-83l 


07-Feb-83 


08-Feb-83 


09-Feb-83 


10-Feb-83 


11-Feb-83 


12-Feb-83 


13-Feb-83 


14-Feb-83 


15-Feb-83 


16-Feb-83 


17-Feb-83 


18-Feb-83 


19-Feb-83 


20-Feb-83 


21 -Feb-83 


22-Feb-83 


23-Feb-83 


24-Feb-83 


25-Feb-83 


26-Feb-83 


28-Feb-83 


01 -Mar-8 


02-Mar-83 


03-Mar-83 


04-Mar-83 


05-Mar-83 


06-Mar-83 


07-Mar-83 


08-Mar-83 


09-Mar-83 


10-Mar-8a 


11-Ma^83 


13-Mar-83 


14-Mar-83 


15-Mar-83 


16-Mar-83 


17-Mar-83 


18-Mar-83 


19-Mar-83 


20-Mar-83 


21 -Mar-83 

22-Mar-83 

23-Mar-83 

24-Mar-83 

25-Mar-83 

26-Mar-83 

28-Mar-83 
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01-Deo-85 

02-Dec-85 

03-Deo85 

04-Dec-85 

05-Dec-85 

06~D6g-85 

07-Dec-85 

08-Deo-85 

09-Dec-85 

10- Dec-85 

11- Deo85 

12- Deo-85 

13- Dec-85 

14- Deo-85 

15- Deo-85 

16- DeC"85 

17- Dec-85 

18- Dec-85 

19- Deo-85 

20- D6O-85 

21 - Dec-85' 

22- Deo-85 

23- Dec-85 

24- Deo-85 

25- Dec-85 

26- Dec-85 

27- Dec-85' 

28- Dec-85 

29- Dec-85 

30- Dec-85 

31 - Dec-85 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11,1 
12,2 

3 

4 

5 

6 

7 

8 

9 

10 
11 


01-j8n-86 

02-Jan-86 

03-Jan-86 

04-Jan-86 

05-Jan-86 

06-Jan-86 

07-Jan-86 

08-Jan-88 

09-Jan-86 

10-  Jan-86 

11- Jan-86 

12- Jan-86 

13- Jan-86 

14- Jan-86 

15- Jan-86 

16- Jan-86 

17- Jan-86 

18- Jan-86 

1 9- Jan~86 

20- Jan-86 

21 - Jan-86 

22- Jan-86 

23- Jan-86 

24- Jan-86 

25- Jan-86 

26- Jan-86 

27- Jan-86 

28- Jan-86 

29- Jan-86 

30- Jan-86 

31 - Jan-86 


12 


2^ 

7_ 

1® 

12 


01-Feb-86 

'02-Feb-86 

03-Feb-86 

04-Feb-86 

05-Feb-86 

06-Feb-86 

07-Feb-86 

08-Feb-86 

09-Feb-86 

10- Fet>-86 

11- Feb-86 

12- Feb-86 

13- Feb-86 

14- Feb-86 

15- Feb-86 

16- Feb-86 

17- Feb-86 

18- Feb-86' 

19- Feb-86' 

20- Feb-86 

21 - Feb-86' 

22- Feb-86 

23- Feb-86 

24- Feb-86' 

25- Feb-86 

26- Feb-86' 

27- Feb-86 

28- Feb-86' 


01 -Mar-86 
02-Mar-86 
03-Mar-86 
04-Mar-86 
'05-Mar-86 
06-Mar-86 
07-Mar-86 
08-Mar-86 
09-Mar-86 

10- Mar-86 

11 - Mar-86 

12- Mar-86 

13- Mar-86 

14- Mar-86 

15- Mar-86 

16- Mar-86 

17- Mar-86 

18- Mar-86 

19- Mar-86 

20- Mar-86 

21 - Mar-86 

22- Mar-86 

23- Mar-86 

24- Mar-86 

25- Mar-86 

26- Mar-86 

27- Mar-86 

28- Mar-86 

29- Mar-86 

30- Mar-86 

31 - Mar-86 
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01-Dec»87 


02-Dec-87 


03-Dec-87 


04-Dec-87 


05-Dec-87| 


06-Deo87 


07-Dec-87 


08-D©C”87 


09-Deo-87 


10-Dec-87 


11-Dec-87 


12-Dec-87 


13-Dec-87 


14-Dec-87 


15-Deo-87 


16-Dec-87 


17-Dec-87 


18-Dec-87 


1 9-D60-87 


O-Dec-87 


1 -Dec-87 


2-Dec-87 


3-Dec-87 


4-Dec-87 


5-Dec-87 


6-Dec-87 


8-Deo-87 


29-Dec-87 


31 -Dec-87 


01 -Jan-88 


02-Jan-88 


03-Jan-88 


04-Jan-88 


05-Jan-88 


OG-Jdfi'-SS 


l07-Jan-88 


08-Jan-88 


1 09- Jan-88 


10- Jan-88 


11-Jan-88 


12-Jan-88 


|l3-Jan-88 


14-Jan-88 


15-Jan-88 


16- Jan-88 


17-Jan-88 


18-Jan-88 


19-Jan-88 


20-Jan-88| 


21 -Jan-88 


22-Jan-88 


23- Jan-88 1 


24-Jan-88 


25-Jan-88 


26-Jan-88 


27-Jan-88 


28-Jan-88 


29-Jan-88 


30-Jan-88| 


31 -Jan-88 1 


01 -Feb-88 

10 

02-Feb-88 

11 

03-Feb-88 

12 

04-Feb-88 

05-Feb-88 

06-Feb-88 

1 

07-Feb-88 

2 

08-Feb-88 

3 

09-Feb-88 

4 

10-Feb-88 

5 

lEEESSEll 


12-Feb-88 


13-Feb-88| 


15-Feb-88 


16-Feb-88 


17-Feb-88 


18-Feb-88 


19-Fel>-88 


20-Feb-88 


23-Feb-88 


24-Feb-88 


|25.Feb-88 


26-Feb-88 


27-Feb-88 


28-Fel>-88 


29-Feb-88 


01 -Mar-8 


02-Mar-88 


03-Mar-88 


04-Mar-88 


05-Mar-88 


06-Mar-88 


07-Mar-88 


08-Mar-88 


09-Mar-88 


10-Mar-88 


11-Mar-88 


12-Mar-88 


irmMi 


14-Mar-88 


15-Mar-88 


16-Mar-88| 


|l7-Mar-88 


18-Mar-88 


19-Mar-88 


l20-Mar-88 


21 -Mar-88 


22-Mar-88 


23-Mar-88 


24-Mar-88 


25-Mar-88 


26-Mar-88 


27-Mar-88 


28-Mar-88 


29-Mar-88 


30-Mar-88 


31 -Mar-88 
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01 -Dec-89 


02-Deo-89 


03-Dec-89 


04-Dec-89 


05-Dec-89 


06-Dec-89 


07-Deo-89 


08-Dec-89 


09-Deo-89 


1 0-Dec-89 


11 -Dec-89 


12-Dec-89 


13-Dec-89 


14-Dec-89 


15-Deo-89 


16-Dec-89 


17-Deo-89 


18-Dec-89 


19-Dec-89 


O-Dec-89 


21 -Dec-89 


3-Deo-89 


24-Dec-89 


25-Deo-89 


26-Dec-89 


7-Dec-89 


8-Dec-89 


9-Dec-89 


30-Dec-89 


31 -Dec-89 


01 -Jan-90 


02-Jan-90 


03-Jan-90 


04-Jan-90 


05-Jan-90 


06-Jan-90 


07-Jan-90 


08-Jan-90 


09-Jan-90 


10- Jan-90 


11 -Jan-90 


12- Jan-90 


1 3-Jan-90 


14-Jan-90 


16- Jan-90 


17-Jan-90 


18- Jan-90 


19-Jan-90 


20-Jan-90 


21 -Jan-90 


22-Jan-90 


23-Jan-90 


24-Jan-90 


25-Jan-90 


26-Jan-90 


27-Jan-90 


28-Jan-90 


29-Jan-90 


30-Jan-90 


31 -Jan-90 


01-Feb-90 


62-Feb-90 


63-Feb-90 


04-Feb-90 


07-Feb-90 


08-Feb-90 


P9-Feb-90 


11-Feb-90 


13-Feb-90 


14-Feb-90 


15-Feb-90 


16-Feb-90 


17-Feb-90 


18-Feb-90 


19-Feb-90 


20-Feb-90 


24-Feb-90 


|25-Feb-90 


26-Feb-90 


27-Feb-90 


01-Mar-90 


02-Mar-90 


|03-Mar-90 


05-Mar-90 


07-Mar-90| 


08-Mar-90 


|09-Mar-90 


10-Mar-90 


12-Mar-90 


h3-Mar-90| 


14-Mar-90 


15-Mar-90 


|l6-Mar-90 


17-Mar-90 


18-Mar-90 


19-Mar-90 


20-Mar-90 


21 -Mar-90 


22-Mar-90 


23-Mar-90 


24-Mar-90 


2S-Mar-90 


26-Mar-90 


27-Mar-90 


28-Mar-9Q 


30-Mar-90 


31 -Mar-90 
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4-Dec-90 


25-Dec-90 


26-Dec-90 


27-Dec-90 


E8-Dec-90 


C9-Dec-90 


30-Dec-90 


31 -Dec-90 


30-Jan-91 


|31-Jan-91 


29-Mar-91 


30-Mar-91 


31 -Mar-91 
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01 -Dec-91 


02-Dec-91 


03- Dec-91 


04-Dec-91 


05-Dec-91 


06-Dec-91 


07-Dec-91 


08-Deo-91 


09-Dec-91 


10-Deo-91 


11 -Dec-91 


12-Dec-91 


13-Dec-91 


14-Dec-91 


15-Dec-91 


16-Dec-91 


17-Dec-91 


18-Dec-91 


19-Dec-91 


O-Dec-91 


l-Deo-91 


2-Dec-91 


3-Dec-91 


4-Dec-91 


5-Dec-91 


6-Dec-91 


7-Deo-91 


8-Dec-91 


9-Dec-91 


30-Dec-91 


31 -Dec-91 


01 -Jan-92 


02-Jan-92 


03-Jan-92 


04-Jan-92 


05-Jan-92 


06-Jan-92 


07-Jan-92 


08-Jan-92 


09-Jan-92 


11 -Jan-92 


12- Jan-92 


13- Jan-92 


14-Jan-92 


16- Jan-92 


17-Jan-92 


18-Jan-92 


19-Jan-92 


20-Jan-92 


21 -Jan-92 


22-Jan-92 


23-Jan-92 


24-Jan-92 


25-Jan-92 


26-Jan-92 


01-Feb-92 


02-Feb-92 


03-Feb-92 


9.1 

06-Feb-92 

10,2 

07-Feb-92 

11,3 

08-Feb-92 

12,4 

09-Feb-92 

5 

10-Feb-92 

6 

11-Feb-92 

7 

8 

13-Feb-92 

9 

14-Feb-92 

10 

15-Feb-92 

11 

rl6-Feb-92 

!KIis<gg;VJi 


22-Feb-92 


23-Feb-92 


24-Fel>-92 


27-Feb-92 


28-Feb-92 


29-Feb-92 


01-Mar-92 


02-Mar-92 


04-Mar-92 


06-Mar-92 


07-Mar-92 


08-Mar-92 


09-Mar-92 


11-Mar-92 


12-Mar-92 


13-Mar-92 


14-Mar-92 


16-Mar-92 


17-Mar-92 


18-Mar-92 


19-Mar-92 


20-Mar-92 


22-Mar-92 


23-Mar-92 


24-Mar-92 


26-Mar-92 


27-Mar-92 


28-Mar-92 


29-Mar-92 


12-Dec-92 


13-Dec-92 


14-Dec-92 


15-Deo92 


16-Dec.92 


17-Deo-92 


18-Dec-92 


19-Dec-92 


20-Dec-92 


21 -Dec-92 


22-Dec-92 


23-Dec-92 


24-Dec-92 


5-Dec-92 


26-Dec-92 


27-Dec-92 


28-Dec-92 


29-Dec-92 


30-Deo-92 


31-Dec-92 


26-Jan-93 

27-Jan-93 

1 

28-Jan-93 

2 

29-Jan-93 

3 

20-Feb-93 


21 -Feb-93 


22-Feb-93 


23-Feb-93 


24-Feb-93 


25-Feb-93 


26-Feb-93 


27-Feb-93 


28-Feb-93 


30-Jan-93 


31 -Jan-93 
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01 -Dec-94 


02-Deo94 


03-Dec-94 


04-Dec-94 


05-Dec-94 


06-Dec-94 


07-Deo-94 


08-Dec-94 


09-Dec-94 


10-Dec-94 


11-Deo-94 


12-Dec-94 


13-Dec-94 


14-Dec-94 


15-Dec-94 


16-Dec-94 


17-Dec-94 


18-Dec-94 


19-Dec-94 


1 -Dec-94 


22-Dec-94 


23-Dec-94 


24-Deo-94 


25-Dec-94 


26-Dec-94 


27-Dec-94 


28-Dec-94 


29-Dec-94 


30-Dec-94 


31 -Dec-94 


01 -Jan-95 


02-Jan-95 


03-Jan-95 


04-Jan-95 


05-Jan-95 


06-Jan-95 


07-Jan-95 


08-Jan-95 


09-Jan— 95 


10-Jan-95 


11-Jan-95 


12-Jan-95 


|l3-Jan-95 


14-Jan-95 


15-Jan-95 


16-Jan-95 


17-Jan-95 


18- Jan-95 


19-Jan-95 


20-Jan-95 


21-Jan-95 


22-Jan-95 


23-Jan-95 


24-Jan-95 


25-Jan-95 


26-Jan-95 


27-Jan-95 


28-Jan-95 


29-Jan-95 


30-Jan-95 


31 -Jan-95 


01 -Feb-95 


02-Feb-95 


03-Feb-95 


04-Feb-95 


05-Feb-95 


06-Feb-95 


07-Feb-95 


08-Feb-95 


09-Feb-95 


10-Feb-95 


11 -Feb-95 


12-Feb-95 


13-Feb-95 


14-Feb-95 


15-Fel>-95 


16-Feb-95 


17-Feb-95 


19-Feb-95 


20-Feb-95 


21 -Feb-95 


^-Feb-95 


23-Feb-95 


24-Feb-95 


25-Feb-95 


26-Feb-95 


27-Feb-95l 


28-Feb-95 


10 

01-Mar-95 

10 

11 

02-Mar-95 

11 

12 

03-Mar-95 

12,1 

l04-Mar-95 


05-Mar-95 


06-Mar-95 


|07-Mar-95| 


08-Mar-95 


09-Mar-95 


Il0-Mar-95| 


11-Mar-95 


12-Mar-95 


|l3-Mar-95 


14-Mar-95 


15-Mar-95 


16-Mar-95 


Il7-Mar-95| 


18-Mar-95 


19-Mar-95 


20-Mar-95 


21 -Mar-95 


22-Mar-95 


23-Mar-95 


24-Mar-95 


|25-Mar-95| 


26-Mar-95 


27-Mar-95 


28-Mar-95 


immsm 


30-Mar-95 


31 -Mar-95 
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08-Deo96 


09-Dec-96 


09-Jan-97 


10-Dec-96 

9 

10-Jan-97 

11-Dec-96 

10 

1 1  -  J3n-97 

15-Dec-96 


16-Dec-96 


17-Dec-96 


18-Dec-96 


19-Deo-96 


20-Dec-96 


sEni 

3 


23~D6C~96 


24-Dec-96 


5-Dec-96l 


6-Dec-96 


7-Dec-96 


28-Dec-96 


9-Dec-96 


msmm 


31 -Dec-96 


|12-Jan-97 


13-Jan-97 


15-Jan-97 


16-Jan-97 


17-Jan-97 


18-Jan-97 


|19-Jan-97 


IbigAUI 

ISBSSI 


22-Jan-97 


23-Jan-97 


|24-Jan-97 


25-Jan-97 


26-Jan-97 


t27-Jan-97 


28-Jan-97 


29-Jan-97 


30-Jan-97 


|31-Jan-97 


01 -Feb-97 


02-Feb-97 


03-Feb-97 


04-Feb-97 


05-Feb-97 


06-Feb-97 


07-Feb-97 


|08-Feb-97| 


09-Feb-97 


10-Feb-97 


|l1-Feb-97 


12-Feb-97 


13-Feb-97| 


14-Feb-97 


15-Feb-97 


16-Feb-97 


17-Feb-97 


18-Feb-97 


19-Feb-97 


20-Feb-97 


21 -Feb-97 


22-Feb-97 


23-Feb-97 


24-Feb-97 


25-Feb-97 


26-Feb-97 


27-Feb-97 


28-Feb-97 


01 -Mar-97 


02-Mar-97 


03-Mar-97 


04-Mar-97 


05-Mar-97 


06-Mar-97 


07-Mar-97 


08-Mar-97 


09-Mar-97 


10-Mar-97 


iwsmsnj 


12-Mar-97 


13-Mar-97 


14-Mar-97 


15-Mar-97 


16-Mar-97 


17-Mar-97 


18-Mar-97 


19-Mar-97 


20-Mar-97 


21 -Mar-97 


22-Mar-97 


23-Mar-97 


24-Mar-97 


25-Mar-97 


26-Mar-97| 


27-Mar-97 


28-Mar-97 


29-Mar-97 


30-Mar-97 


31 -Mar-97 
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01 -Dec-97 

01 -Jan-98 

11 

02-Dec-97 

02-Jan-98 

12 

03-Dec-97 

03-j3n-98 

04-Dec-97 

04-Jan-98 

05-Dec-97 

05-Jan-98 

OS-Dec-Q? 

06-Jan-98 

07-Jan-98 

08-Deo-97 

1 

08-Jan-98 

09-Dec-97 

2 

09-Jan-98 

3 

10-Jan-98 

11-Dec-97 

4 

11 -Jan-98 

1 

5 

12-Jan-98 

2 

13-Dec-97 

6 

13-Jan-98 

3 

14-Deo-97 

7 

14-Jan-98 

4 

15-Dec-97 

8 

15-Jan-98 

5 

16-Dec-97 

9 

16-Jan-98 

6,1 

17-Dec-97 

10 

17-Jan-98 

7,2 

18-Deo-97 

11 

18-Jan-98 

8,3 

19-Deo-97 

12 

1 9~J3n-98 

9,4 

IwaiCTaiiii 

20-Jan-98 

10,5 

21 -Dec-97 

21 -Jan-98 

11,6 

1 

22-Jan-98 

12,7 

23-Dec-97 

2 

23-Jan-98 

8 

24-Deo-97 

3 

24-Jan-98 

9 

25-Dec-97 

4 

25-Jan-98 

10 

26-Dec-97 

5 

26-Jan-98 

11 

27-Dec-97 

6 

27-Jan-98 

12 

28-Dec-97 

7 

28-Jan-98 

8 

29-Jan-98 

30-Dec-97 

9 

30-Jan-98 

10 

31 -Jan-98 
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01-Feb-98 


|02-Feb-98 


03-Feb-98 


04-Feb-98 


05-Feb-98 


06-Fet>-98 


07-Feb-98 


08-Feb-98 


09-Feb-98 


10-Feb-98 


11-Feb-98 


12-Feb-98 


|l3-Feb-98 


14-Feb-98 


15-Feb-98 


16-Fel>-98 


01-Mar-98| 


02-Mar-98 


03-Mar-98 


04-Mar-98 


05-Mar-98 


06-Mar-98 


07-Mar-98 


08-Mar-98 


09-Mar-98 


10-Mar-98 


11-Mar-98 


12-Mar-98 


13-Mar-98 


14-Mar-98 


15-Mar-98 


16-Mar-98 


17- Feb-98 

18- Feb-98 

19- Feb-98 

20- Feb-98 

21 - Feb-98 

22- Feb^98 

23- Fet)-98 

24- Feb-98 

25- Feb-98 

26- Feb-98 

27- Feb-98 

28- Feb.d8 


17- Mar-98 

18- Mar-98 

19- Mar-98 

20- Mar-98 

21 - Mar-98 

22- Mar-98 

23- Mar-98 

24- Mar-98 

25- Mar-98 

26- Mar-98 

27- Mar-98 

28- Mar-98 


APPENDIX  B.  DAILY  COMPOSITES  FOR  FOUR  PHASES  OF  MJO 


Appendix  B.  contains  daily  composites  of  1000  hPa  winds  and  OLR-based 
convection  index  for  all  phases  of  the  MJO  during  the  early-inactive  phase  (a-1),  early- 
active  phase  (a-1),  late-inactive  phase  (a-1),  and  the  late-active  phase  (a-1). 
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Gomposrt)©  of  EarJy  Phase  of  Inectrwe  hAJO:  Day  4 
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Figure  B-1.  Continued. 
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FisureB-l.  Continued. 
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Figure  B-2.  Composite  analysis  of  1000  hPa  winds  and  convection  for  surge  events 
during  the  early-active  phase.  Day  1  to  Day  12  (a-1). 


Figure  B-2.  Continued. 
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Figure  B-3.  Composite  analysis  of  1 000  hPa  winds  and  convection  for  surge  events 
during  the  late-inactive  phase,  Day  I  to  Day  1 2  (a-l). 
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Figure  B-3.  Continued. 
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Figure  B-3.  Continued. 


150E 


iaow 


1SOW 


Figure  B-4.  Composite  analysis  of  1000  hPa  winds  and  convection  for  surge  events 
during  the  late-active  phase.  Day  1  to  Day  12  (a-1). 
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Figure  B-4.  Continued. 
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